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O jectives. Efficacy and satiety of reds atlon by an autoperfu-
si n balloon catheter over several boon were investigated in this
retrospective and obrervational study .
&i'* uad Acute oedusion, refractory to rediiation . Is a
serious complication of coronary angioplasty .
Mert&. Of 1,123 patients who underwent angloplasty, 83
had
.. a
•refractory acute occlusion . Thirty-five patients were treated
with extended dilation. Seven had stable, 19 unstable and 6
p rctioa angina ad 3 had an scale infarction at the time of
arl
	
arty. The duration of dilation was (am ± SO) 17 (t6) It.
Rawfts. Anglographlealty saccessfld redilation, with a meal
residual percent diameter stenoels of 13,5% ( :11.6%), was
a achieved is 22 (67.7%) of 34 patients. Five patients underwent
bypass surgery . Three patients, who were poor surgical candi
.
dates, died. There was one now Q wave infarction and one death
that occurred during e4eaded dilation ; one death and four
Acute occlusion is a serious complication of coronary angio-
plasty (1-9) for which emergency coronary surgery is usually
recommended. Because surgery in this situation has a rda-
tively high incidence of death and myocardial damage (10-
15), methods are pursued to transform the operation from
urgent to semielective or even to avoid it (16) .
Before proceeding to surgery, redilation of the site of
occlusion is often performed in an attempt to "tack" the
loose flop against the wall (16) . Redilation of the vessel for
X20 min with an autoperfusion balloon catheter was shown
to yield better malts than redilation for a shorter period of
time with a conventional balloon in cases of major dissection
(17) or recurrent total or subtotal vessel closure (18,19) .
It is still uncertain whether dilation periods far in excess
of -20 min (e .g.. several hours) may further increase the
chance of permanent success without unduly increasing the
risk of the procedure. The rationale for long balloon infla-
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operations were related to reoeduslon immediately (s3l) min)
after catheter withdrawal ; and one death and one operation were
related to in-hospital reocluslon . Overall success, defined as
anglographic success and freedom from major events, was ob
.
tamed in 20 (57%) of 35 patients (95% confidence Interval 41 % to
73%). Of the variables studied, only maltilesion d#ation was
significantly (p = 0 .018) associated with an unlhrorable outcome .
During a mean follow-up period of 13 .8 (±6.1) months, two
patients underwent repeat angioplasty, one sustained an infare
•
don and three underwent elective bypass surgery.
Conclusions. In approximately half of the patients (20 (57%) of
35), an Initial angloplasty failure due to refractory occlusion could
be reverted to a successful procedure by prolonged dilation with
an autopertbsion balloon catheter.
(! Ant Coil Cardiol 1993 ;U
:1016-23)
tions rests on the hypothesis that the loose flap may be
"tacked" definitively or that the area of disruption may be
remodeled durably if it is scaffolded for a sufficiently long
period of time .
The aim of the present study was to examine the effect of
extended dilation with an autoperfusion balloon catheter in
cases of refractory occlusion when repeated dilations with a
conventional balloon or dilation with an autoperfusion bal-
loon catheter for several minutes, or both, was unsuccessful .
Our first 35 consecutive patients treated this way are
reported in this retrospective and observational study .
Safety and efficacy in terms of angiographic and clinical
success of this procedure were investigated .
Methods
Patients and definitions . From September 1989 to March
1991, 1,123 coronary angioplasty procedures were per-
formed at the Leiden University Hospital . All were per-
formed by the femoral approach by standard methods, with
a low level surgical standby.
Acute coronary occlusion was defined as a complete stop
or critical reduction of flow occurring at any moment during
the procedure or the postangioplasty in-hospital course,
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associated with clinical or electrocardiographic (ECG) signs
of myocardial ischemia. Complete stop was defined as grade
0 and critical reduction of flow as grades I and 2, according
to the Thrombolysis in Myocardial Infarction trial (20) . In
case of angioplasty in the setting of acute infarction, acute
occlusion was defined as reocclusion after initially success-
ful dilation.
t
The occlusion was considered refractory when it could
not be reopened b;,, phar.•nacologic therapy and repeated
redilations with a conventional balloon or redilation with an
autoperfusion balloon catheter for up to 15 min . By this
definition, 83 patients had a refractory occlusion . Thirty-five
of them were treated with very long (>30 min) inflations of
an autoperfusion balloon catheter outside the cathetcrization
laboratory . These patients were all included in the study .
Primary indications for angioplasty were stable angina pec-
oris in 7 (20%), unstable angina (new onset of angina or
progres!,ive symptoms during the previous 2 months) in 19
(54%), acute myocardial infarction (typical ischemic chest
pain >30 min with associated ECU changes) in 3 (9%) and
postinfarction angina (recurrence of chest pain with ischemic
ECG changes after the acute event of an infarction during
the same hospitalization) in 6 (17%) .
Angiographic evidence of dissection was defined as an
intraluminal linear lucency or a widening with contrast
medium staining . A distinction was made between acute
occlusionn~ with and without a major dissection . The target
vessel was defined as the vessel that received the autoper-
fusion balloon catheter .
Management of periprocedural vessel closure. Patient
selection. In our catheterization laboratory the following
strategy in the management of acute occlusion is pursued . If
intracoronary nitroglycerin and redilation with a conven-
tional balloon are unsuccessful, then redilation with an
autoperfusion balloon catheter with a duration of inflation of
up to 15 min is attempted, provided that the catheter can be
inserted safely and that ischemic signs and symptoms sub-
side during its inflation . Streptokinase is rarely administered
when angioplasty is the primary procedure . If insertion of an
autoperfusion balloon catheter is impossible or hazardot :s
(e .g., in tortuous vessels or because of the presence of a
large sAe branch near the site of occlusion), the patient
usually undergoes emergency bypass surgery if this treat-
ment is judged indicated on the basis of clinical status or
amount of myocardium at risk .
When insertion of an auto-
perfusion balloon catheter is feasible, but inflation of
-10 min yields no satisfactory result, the patient may be
transferred for emergency surgery, or implantation of an
intravascular stem is attempted. As of September 1989, an
autoperfusion balloon catheter with a long duration of dila-
tion has been used as a third option . Whether an autoperfu-
sion balloon catheter was installed for a long duration of
dilation was decided on an individual basis and was subject
to feasibility of insertion of this catheter, the clinical and
hemodynamic response after insertion and after informed
consent was obtained .
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Insertion of the autoperfuslon balloon catheter and in-
hospital monitoring. The catheter (Stack Perfusion Cathe-
ter, Advanced Cardiovascular Systems, or the Continuous
Perfusion Catheter Mainz, Schneider) (21,22) was inserted
using the long wire technique and positioned with the
midportion of the balloon in the center of the occlusion or
stenosis. The balloon was inflated with a low pressure (3 to
6 atm), and the guide wire was withdrawn . Distal flow was
checked by injection of contrast medium through the guiding
catheter and had to be adequate . The guiding catheter was
withdrawn from the coronary ostium under fluoroscopy . The
guiding catheter and the balloon catheter were flushed
intermittently with a high pressure infusor with saline solu-
tion containing heparin (5,000 U/liter) .
The patient was carefully monitored in the coronary
care unit . Heparin was administered at an initial dosage of
25,000 U124 h, adjusted as indicated by the activated partial
thromboplastin time (prolongation of three to four times the
upper normal value) . In case of recurrence of angina pectoris
or ischemic ECU changes, the balloon was deflated imme-
diately, and the patient was transferred back to the cathe-
terization laboratory . The position of the catheter was then
checked, and new contrast medium injections were per-
formed. Emergency bypass surgery could be reconsidered at
any time .
If possible, the catheter was left in situ for several hours
and withdrawn at an elective moment . When the catheter
was inserted in the morning, it was withdrawn at the end of
the afternoon . When the catheter was inserted in the after-
noon, it was usually left in place overnight and withdrawn in
the course of the next day .
After withdrawal of the catheter, the result was assessed
by angiography immediately and again after -30 min if the
stability c the result was doubtful . If the result was satis-
factory, sheaths were removed after 12 to 24 h and after
discontinuation of heparin .
Angiography. Multivessel disease was defined by the
presence of at least 50% diameter stenosis in a major branch
of at least two of the three main arterial systems . The type of
lesion was graded A. B or C, according to the American
College of Cardiology/American Heart Association (ACCT
AHA) Task Force Report (23) . Percent diameter stenosis
was determined with a digital electronic caliper as an aver-
age of two near perpendicular views before the procedure
and of the final result after catheter removal .
Assessment of outcome. Angiographic success was de-
fined as a reduction of the preangioplasty diameter stenosis
by at least 30%, with <50% residual stenosis after stable
redilation . Myocardial necrosis was assessed by ECG and an
enzyme criterion (creatine kinase [CK
; more than three
times the upper limit of normal values 1>150 U/liter]) and
classified in three categories : 1) Q
wave inf=arction when a new
typical Q wave developed after the
procedure,
2) R wave
decrease in at least two- leads, and 3) enzyme elevation without
ECG changes . The enzyme criterion was omitted in the cases
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of acute i rction and postinfarction angina, but the new Q
wave criterion was maintained in those two groups .
Clinical success was defined as survival, avoidance of
bypass surgery and of repeat coronary angioplasty and
freedom from Q wave infarction and from any noncardiac
complication related to the procedure that would require
prolongation of the hospital stay by >1 or 2 days . In
addition, the patient should be free of symptoms on hospital
discharrge. Overall success was defined as the combination of
migiograpki and clinical success .
F Events such as repeat angioplasty, bypass
surgery, it arction or death were recorded, Repeat coronary
y was performed only when indicated . At the end
of follow-up, patients were interviewed with respect to their
fitness and anginal status, and information was obtained
from attending cardiologists .
StMi methods. Comparison between two groups was
examined by the Yates corrected chi-square test for cate-
goric variables and by an unpaired t test for continuous
variables. Association between two continuous variables
was examiaed by the Spearman correlation coefficient . The
limit of sig icance was set at p = 0.05. Tests of differences
were two-sided, unless otherwise stated,
Results
Patients and procedures . Thirty-five patients (mean age
SD 62 .4 ± 10.5 years, range 40 to 81) with refractory acute
coronary occlusion were treated by extended dilation .
Twenty-five patients were men .
Coronary events had occurred in 20 patients (57%) and
comprised myocardial infarction in 14 (excludini the acute
event in the postinfarction patients) . previous angioplasty in
5 and coronary bypass surgery in 5. Relevant noncoronary
antecedents-were present in 12 patients (34%) and comprised
diabetes in 4, peripheral or carotid vascular disease in 4,
hypertension in 4, aarial fibrillation in 2, renal insufficiency in
I and chronic obstructive pulmonary disease in 3 .
The three patients with acute infarction underwent rescue
angioplasty after failed intravenous thrombolysis . Four of
the six postinfarction patients had been treated successfully
by thrombolytic therapy. All six postinfarction patients
presented with unstable angina (or impending reinfarction),
respectively, 2 h and 1, 2, 3, 3 and 4 days after the acute
event
. The angiographic data are presented in Table 1 .
Vessel closure occurred in 27 patients during the primary
session and in 8 patients after discharge from the catheter-
W" laboratory after a mean interval of 197 t 160 min
(range 37 to 505) .
Vessel closure occurred after dilation of the stenosis in 33
patients
; in 2 patients the closure was considered "manipu-
lative" (i.e ., resulting from guide wire trauma) . Closure was
related to an extensive dissection in 21 patients (60%).
Before the decision was made to install the autoperfusion
balloon catheter outside the catheterization laboratory, dila-
tion with
an autoperfusion balloon catheter with a mean
Table 1. Angiographic Data in 35 Patients
JACC Vol. 22, No . 4
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Mean value s SD . ACC/AHA
-
American College of Cardiology)
American Heart Association ; EF = ejection fraction ; LAD
-
left anterior
descending coronary artery ; LCx = left circumflex coronary artery ; LV - left
ventricular ; PICA
-
percutancous transluminal coronary angioplasty;
RCA
-
right coronary artery.
duration of 12.6 ± 4.0 min had been performed unsuccess-
fully in 24 patients . In 9 patients, the duration of the initially
unsuccessful dilation with the autoperfusion balloon catheter
was not recorded, or there
lead been a number of dilations
with various conventional balloons with a cumulative dura-
tion of inflation of several minutes . In two patients with a
large retrograde dissection, it was decided not to withdraw
the autoperfusion balloon catheter to check the result after
10 min because this procedure would entail the risk asso-
ciated with reinsertion .
Procedure-related data arc presented in Table 2 . In one
patient signs of ischemia deve€oiled with the balloon inflated .
Ischemia subsided when the balloon was deflated . The
APBC = autopesfusion balloon catheter
; APTT = activated partial
thromboplastin time
.
No .
%
Vessels >50t7 narrowed
One 16 46
Two 11 31
Three 8 23
LV function, EF (%) (mean ± SD ; range) 69.9 :t 13.7; 34-92
Lesions dilated
Single 20 57
Multivessel
8 23
Single vessel . multilesion 7 20
Target vessel
LAD 20
57
RCA
7 20
19x
6 17
Bypass 2 6
Target lesion stenosis type (ACC/AHA1
A 6 17
a IS 43
C 14
40
Target lesion before PTCA
% Diameter stenosis
79.4 ± 14.9 0
Total occlusions l0 29
collateral channels to target vessel 10 29
Table 2. Procedure-Related Data
No . 9'0
APBC balloon size (mm)
2 .5
16 46
3
14 40
3 .5
5 14
Pressure in balloon (atm) (mean ± SD) 3 .9 ± 1 .2
AM (x normal) (mean ± SD)
3 .4 ± 2.0
Duration of APBC intracoronary (min) 1,020
± 361 ; 195-1,567
(mean ± SD ; range)
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Figure 1 . Inference about adequacy of coronary perfusion of
the target vessel during extended autoperfusion balloon
catheter (APBC dilation .
1
good
result
catheter was then left in the vessel with the balloon deflated .
In no case had balloon catheter migration occurred .
The catheter was withdrawn at an elective moment in 30
patients . In three patients the catheter was withdrawn pre-
maturely because of recurrence of angina pectoris . One
patient died during prolonged dilation . In one patient the
catheter was withdrawn because of a cerebral hemorrhage
that made heparin antagonism necessary . After withdrawal,
the catheter appeared thrombosed in only one case (a patient
with acute infarction) .
Coronary perfusion during extended dilation . Coronary
perfusion during extended dilation appeared to have beck
adequate in 27 patients (77%) . In eight patients (23%) insuf
ficient perfusion could be inferred (Fig . I) . Only one of these
eight patients had an overall successful outcome .
Angiographic results. Assessment of the angiographic
result is presented in Figure 2 . In all patients the result was
assessed by repeat angiography except in the patient with
Figure 2. Immediate angiographic outcome after prolonged auto-
perfusion balloon treatment . cath . lab = catheterization laboratory .
35
j
22 .-
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success
failure no angiographic
assessment
8 3
reocclusion
patent segment
but
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at premature at elective distal
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AMC withdrawn
2
4
recurrence
of angina
pectoris
3 1
2
35
27 8
sufficient insufficient
APBC deflated
reocclusion distal
closure
1
ST elevation
during APBC
treatment
3
by inference
after APBC
withdrawal
1 APBC tkrombosed
j I 1 patent vessel, but
Q wave infarction
1 patent vessel, but
distal closure
the cerebral hemorrhage and in the patient who died during
prolonged dilation . In this last case, reocclusion was as-
sumed to have occurred . Angiographic success was obtained
in 22 (67 .7%) of 34 patients . The overall mean residual
percent diameter stenosis was 13 .5% ± 11 .6% in these 22
patients .
Clinical Outcome
Major events (Fig. 3) . Mortality . Three patients died .
Two of them had undergone bypass surgery in the past and
were judged unsuitable for rooperation . The third patient
was a poor surgical candidate because of old age . All three
underwent angioplasty for unstable angina .
In the first patient a successful extended dilation was
obtained, but after 5 days he had a reocclusion . The second
received an autoperfusion balloon catheter after resuscita-
tion for repeated ventricular fibrillation 8 h after a first
reocclusion . After insertion of an autoperfusion balloon
catheter, the hemodynamic status stabilized . Six hours later,
however, while the balloon was in place, chest pain recurred
Figure 3. Clinical course : phase of occurrence of cardiac major
events. APBC = autoperfusion balloon catheter
; CABG = coronary
artery bypass grafting: MI = mvocareial infarction .
5
2
during APBC
due to reocclusion durinq in-
treatment
itmnediately after
hospital
/' APBC withdrawal
course
f 4 /
1
1 1
4 1
1
death
g wave death
CABG death
CABG
MI
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3
2
urgent semi -elective
with ST segment elevation, and the patient died in cardio-
genie shock. In the third patient chest pain recurred 4 h after
catheter insertion. After catheter withdrawal, the vessel
reoccluded . A stent was implanted, but the patient died
before coronary bypass surgery could be started .
Coronary bypass surgery . Five patients underwent by-
pass surgery . In two of them the vessel reoccluded immedi-
ately after elective withdrawal of the catheter. A new bailout
autoperfusion balloon catheter was inserted, and both pa-
tients underwent emergency bypass surgery .
Two patients had delayed reocclusion 30 min and 6 h
30 min, respectively, after elective withdrawal of the cathe-
ter. Both received a bailout catheter and were operated on
within hours .
In one patient the catheter was removed because of
recurrence of chest pain. He received a bailout stem and
underwent emergency operation,
The postoperative course was uneventful in three of the
five patients operated on ; in two it was protracted, but they
eventually recovered without sequelae . None of the five
patients operated on sustained a Q wave infarction . One had
an R wave decrease in the precordial leads .
Q wave infarction
. One patient who underwent angio-
plasty for stable angina de-
,
eloped a Q wave inferior infarc-
tion,
M ier eve*, Of the 26 patients who had stable or
unstable angina pectoris, 18 had no major event . Of them, 7
had a small to moderate CK elevation > 150 U/liter (mean
230 ± 82). In two of them, both patients with unstable angina
who belonged to the angiographic failure
group, there was an
R wave decrease in several precordial leads .
Of the patients with acute infarction and postinfarction
patients, three had a Q wave before the angioplasty proce-
dure and six did not . None developed a new Q wave .
Neacardiac co Lions. The patient who sustained a
Q wave infarction had transient renal failure from which she
recovered without sequelae. One patient who was operated
on hail a false aneurysm of the femoral artery. One patient
JACC Vol . 22, No. 4
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sustained a cerebral hemorrhage 21 h after streptokinase
administration .
Overall outcome. The overall outcome is presented in
Figure 4. Overall success was obtained in 20 (57%) of 35
patients (95% confidence interval 41% to 73%) .
Association of outcome with background and procedural
variables . There was no univariate statistically significant
association between angiographic success or failure on the
one hand and each of the following variables on the other :
gender, age, coronary or noncoronary antecedents, setting
(stable, unstable, acute infarction, postinfarction), number
of diseased vessels, ejection fraction, target vessel, type of
stenosis, collateral flow. percent diameter stenosis before
angioplasty, number of lesions dilated (single vessel, multi-
vessel, multilesion), type of closure (with or without a major
dissection), session (before or after discharge from the
catheterization laboratory), duration of the presence of the
catheter in the vessel, and pressure in the balloon . Likewise,
there was no univariate statistically significant association
between overall outcome and all the aforementioned vari-
ables, except for the number of stenoses dilated (p = 0 .018).
This is a result of the high complication rate in the multile-
sion group (overall success occurred in one of seven) . There
was near statistical significance (p = 0 .056) bett.'een overall
outcome and the type of lesion (overall success: 6 of 6 [type
A], 8 of 15 [type BI and 6 of 14 [type C1) .
There was no statistically significant associat on between
overall outcome and the activated partial thr 9mboplastin
time or between CK release and either duration of the
presence of the catheter in the vessel or collateral flow .
Follow-up. Follow-up of the 32 patients who left the
hospital was complete (mean follow-up interval 13 .8 ± 6.1
months [range 2 to 241) . In the overall success group (20
patients), the course of 14 patients w • :s uneventful. Two
patients underwent repeat angioplasty of the target lesion
(one patient) and of a lesion in another vessel (one patient) .
One patient sustained an infarction in the target lesion-
related area after 2 months, which was treated by streptoki-
22
35
11
2
angiographic
angiographic
no angiographic
success failure
assessment
24
uneventful major
events
1
2
1
Z\
L
Figure 4. Overall outcome . Abbreviations as in
Figure 3 .
6
5
2
major conservative major
events treatment events
~~ 1
death Q wave
HI
death CABO death
cerebral
z
rN, hemorrhage
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nase followed by redilation of the stenosis . Three patients
underwent elective bypass surgery
; two of them had a
restenosis of the target lesion ; and one of them died postop-
eratively.
Of the 19 patients alive, 17 had no angina pectoris at the
end of the follow-up period ; one had stable New York Heart
Association functional class II angina pectoris ; and the
patient who sustained the infarction was in functional class
IV because of pump failure .
There is thus a proved restenosis rate of the target lesion
in 4 (20%) of 20 patients on the basis of clinical and
angiographic evidence . One of the 12 patients in the failure
group died after 8 months of noncardiac causes
. Of the five
patients who underwent bypass surgery, none had angina
pectoris
. Of five patients treated conservatively, four had
functional class 11 stable angina pectoris, and one was free of
symptoms. The patient who sustained the cerebral hemor-
rhage had no angina pectoris but is hemiplegic .
Discussion
Patient selection. Initially, extended redilatiou was at-
tempted in poor surgical candidates or when no surgical
standby was immediately available . Encouraged by our
initial success, we expanded use of this procedure to all
patients with a refractory occlusion in whom insertion of an
autoperfusion balloon catheter was technically possible and
resulted in the disappearance of ischemia .
All patients treated by extended dilation were included in
the study irrespective of the primary indication for angio-
plasty
. This entails a certain heterogeneity of our study
group; however, the objective of extended dilation was to
achieve a stable patent lumen and to prevent or limit
myocardial necrosis, objectives that apply to any patient
with a refractory occlusion . In addition, there was no
significant association between outcome and indication for
angioplasty, which further justifies pooling of the results .
Assessment of outcome. The angiographic outcome could
be determined in 94.3% of the patients . In 68% of the
patients, a successfully reopened vessel was found after a
mean inflation time of 17 (±6) h, thus demonstrating the
effectiveness of the method . Clinical and angiographic suc-
cess was obtained in 20 of 35 patients ; this finding indicates
that not only a stable redilation had been achieved but that
myocardium could be preserved during extended redilation
as well .
Mortality. One death cannot be considered a direct com-
plication of extended dilation because it was due to reocclu-
sion during hospital follow-up after initial success . In the two
others, insufficient perfusion during extended dilation prob-
ably occurred; however, one of these was a patient who
received an autoperfusion balloon catheter after .-esuscita-
tion .
Coronary bypass surgery. Although classified as a major
event, bypass surgery may be considered simply as a switch
VAN DER LINLEN ET AL
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to an alternative option . It could be performed safely in five
patients with failed extended dilation .
Myocardial damage . Only one patient sustained a new
Q wave infarction . In addition, seven patients with stable or
unstable angina without a major event had small to moderate
CK elevation, two of them with an R wave decrease . Klein
et al . (24) demonstrated that CK release occurs in 15% of the
patients who meet the most rigorous standards for angio-
plasty success and that this did not result in permanent
clinical sequelae . Therefore, it is reasonable to assume that
a light to moderate increase in CK after angioplasty indicates
slight myocardial damage but does not constitute a major
complication .
Although our study group constitutes an unfavorable
subset of patients with acute occlusions, namely, those with
refractory occlusion, our incidence of complications is not
higher than that of general study groups of patients with
acute occlusions, of whom a fraction could be helped by
conventional redilation (e .g., De Feyter et al . [9] . 30 of 104) .
The incidence of emergency bypass surgery in our group
(15.6%a; 5 of 32, excluding the 3 patients with acute infarc-
tion) is lower than the incidence of emergency bypass
surgery in three large series of acute occlusions (3,8,9)
(range 30% to 55%) . The mortality rate (8 .6%; 3 of 35) is not
statistically significantly higher than the pooled mortality
rate of the three aforc mentioned studies (4 .4%
; 16 of
366). The incidence of myocardial necrosis defined by ECG
and enzyme criteria (8 [30 .8%] of 26 patients at risk for
enzyme elevation after angioplasty; i .e ., the stable and
unstable angina group) does not exceed the pooled incidence
(253 [53
.6%] of 472) of six studies of acute occlusions
(3-5,8,9,25) . The method therefore appears to be relatively
safe .
Relation of outcome to background and procedural vari-
ables. Of a number of clinical . angiographic and procedural
variables examined, only multilesion dilation was signifi-
cantly associated with a w •)rse overall outcome . The relation
between overall outcome and type of lesion (ACCIAHA [23])
showed a tendency toward a smaller chance of success in
more complex lesions.
Comparison of the outcome with that of emergency bypass
surgery. In most of our patients, extended dilation was
intended to prevent emergency bypass surgery, or it was
applied in patients who were virtually inoperable . Because
an autoperfusion balloon catheter can only be installed in
large proximal coronary vessels, extended dilation treatment
was applied in cases where a large area of the myocardium
was at risk .
Because therapy was not assigned by randomization, but
on an ad hoc basis, a direct statistical comparison with our
surgical patients is not warranted . However, it is possible to
compare the incidence of death and infarction with the
expected incidence after emergency surgery for failed angio-
plasty using data derived from pooling a number of studies
on emergency bypass surgery
. Such pooled estimates e
;
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least provide an upper limit to acceptable complication rates
for any alternative treatment for emergency surgery .
Our incidence of Q and R wave infarctions (one patient
with emergency surgery. three without) was 4 (12
.5°10) of 32
(three patients had a previous Q wave in the area of the
angioplasty-related vessel) . This is lower than the pooled
incidence of Q wave infarctions (defined as strict Q wave in
some studies and as Q and R wave infarctions in other
studies) in five reports on emergency bypass surgery (11-1S),
which was 188 (34 .8%) of 541 . Our mortality rate is not
statistically significantly higher than the pooled incidence of
deaths in those reports (37 [6.8%] of 541) .
To determine whether ad hoc selection between extended
dilation and emergency surgery might have resulted in
excess infarction and mortality, we combined incidence
rates of Q and R wave infarction and death in our extended
dilation and surgical groups and compared these combined
incidence rates with the pooled incidence rates from the
published reports . In the same period of time, 24 patients
were operated on urgently or semielectivoly after failed
angioplasty, including the five patients oporated on after
extended dilation. There were four deaths and three Q and
R wave infarctions. The combined Q and R wave infarction
rate of 13% (7 of 54) is not in excess of the aforementioned
published pooled incidence . The combined mortality rate of
13% (7 of 54) is not statistically significantly Nigher than the
pooled mortality rate . Although selection bias is bound to be
present, these comparisons suggest that ext :nded dilation
may be as safe as emergency bypass surgery,
Autoperfusion balloon catheter : duration of dilation. Au-
toperfusion balloon catheters have been used for up to
-20 min in cases of obstructive dissection (17) and recurrent
occlusion (18,19), with strong evidence that there was an
advantage over rediiation with a conventional balloon for a
shorter period of time. This brings us to the question of
whether the next step, out-of-catheterization laboratory di-
lation for many hours, is a sensible therapeutic option . Our
overall results are comparable with those of the aforemen-
tioned reports. However, our patient group probably repre-
sents a worse selection of acute occlusions because in 24 of
35 of these patients, the vessel reoccluded or the result was
not satisfactory after a mean duration of dilation of 12 .6 min .
This finding suggests that there may be an additional advan-
tage of dilation during several hours when dilation of up to
X20 min has failed .
The minimal effective duration of dilation to obtain a
stable patent lumen could not be determined in our series .
Because there was no statistically significant relation be-
tween the duration of the catheter in situ and the angio-
graphic or overall outcome, it is possible that shorter dura-
tion ofdilation may accomplish the same result.
Fail ow-up. The incidence of coronary events and recur-
rence of angina pectoris during follow-up did not deviate
significantly from that in a previous series studied after
angioplasty for stable and unstable angina
(26). It has been
suggested that long duration of dilation may also diminish
the restenosis rate, possibly because of necrosis of the vasa
vasorum (22) . In this limited series the proved restenosis rate
was 20%, which is similar to that of reported data in general
(27,28) .
Study limitations. The study was not randomized against
other therapeutic options. However, randomization in such
an acute life-threatening situation is neither feasible nor
ethical. Extended dilation is not always feasible or effective .
Insertion of an autoperfusion balloon catheter may be tech-
nically impossible, or perfusion may be insufficient .
Conclusions. Dilation for several hours has proved to be
an effective and relatively safe method to achieve a stable
patent lumen in cases of refractory occlusion occurring
during or alter angioplasty . In 20 (57%) of 35 cases (95%
confidence interval 41% to 73%), an initially failed angio-
plasty was eventually successful by extended dilation with
an autoperfusion balloon catheter .
We I :,unk Anneke van der Mey for secretarial assistance .
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